(ringworm or tinea). 3, 4 Dermatophytosis is often enumerated as a selfhealing infection; however, animal dermatophytosis has attracted special attention in light of its contagiousness among pets and livestock, its zoonotic transmission to humans, its high cost of therapy, and lack of control measures. In livestock, especially cattle, sheep, and goat, dermatophytosis may lead to serious economic losses due to the negative impact on growth of affected animals, as well as their milk and meat production. 5 Ringworm also leads to losses in the leather-related industries. 5 Moreover, it has been reported as one of the most important morbidity factors in veterinary species. 4 The accurate diagnosis of this infection and distinction of its causative agents are of great importance to track the source of dermatophytosis, to get appropriate treatment, and to better understand the epidemiological trends. 6, 7 Current standard approaches for diagnosis of human and animal dermatophytosis rely on conventional microscopic detection of fungal elements (arthroconidia and/or hyphae) in KOH preparation of clinical specimens as well as further morphological and biochemical analyses of in vitro cultures. [7] [8] [9] [10] With direct microscopy, the infection can be confirmed but its drawbacks are as follows: failure to distinguish between dermatophytic and nondermatophytic elements, inability to identify the causative agent at genus or species level, and numerous false-negative results due to lack of training. 6, 10, 11 Culture in selective media is frequently associated with a poor sensitivity, mainly due to the development of a large variety of fungal or bacterial contaminants and also the presence of nonviable arthroconidia or mycelia in infected materials. 4, 5, 12 Thus, a highly sensitive and specific method for fast and precise detection of dermatophytes would meet the practitioners' requirements and could significantly increase the management of cases suspected to dermatophytosis. Since late 1990s and with the advent of molecular biology, many attempts have been concentrated on the development of early and reliable PCR-based alternatives to direct microscopy and culture for the diagnosis of dermatophytosis.
Some PCR-based methods targeting the internal transcribed spacer (ITS)
regions, 8, 9 Chitin synthase (CHS), 6, 10 Topoisomerase II, 13 and beta tubulin 11 genes are examples of these efforts for the direct detection of dermatophytes, mainly in human dermatophytosis. However, to date, there has been no molecular study devoted to evaluate fast and reliable procedures for the diagnosis of dermatophytosis in clinical animal materials.
Our recent study revealed that translation elongation factor 1-α (Tef-1α) was sufficiently polymorphic for the identification of dermatophytes up to the species level, and a pan-dermatophyte specific primer pair was developed for phylogenetic evaluation of dermatophytes species. 14 In this study, we aimed to develop a novel set of primers amplifying a shorter DNA fragment from the internal sequence of Tef-1α in the format of a nested-PCR assay for both detection and identification of dermatophytes directly in animal materials suspected to dermatophytosis. were then subjected to additional molecular identification.
| MATERIAL S AND ME THODS

| Animal samples and mycological investigation
| Molecular identification
All isolates from culture-positive samples were specified up to the species level by a PCR-RFLP assay targeting the ribosomal DNA internal transcribed spacer (ITS) regions. 16 The genomic DNA was mechanically isolated from dermatophyte strains by bead beating of a small amount of each colony in a homogeniser (SpeedMill Plus;
Analytik Jena, Jena, Germany) as described previously. 17 ITS regions in each isolate were amplified using ITS1/ITS4 primer pair 18 and subsequently digested with MvaI restriction enzyme in accordance with the manufacturer's instructions (Thermo Fisher Scientific, Waltham, MA, USA). The restriction fragments were separated through electrophoresis on 2% agarose gel, and each isolate was identified based on a specific banding pattern described in the previous report. 16 
| DNA isolation from animal samples
Given that there was no established protocol for the extraction of fungal DNA from infected animal scales, we developed a mechanical method supplemented with a commercial kit (Qiagen, Hilden, Germany) for this purpose. Approximately 300 μg of each skin fragment and hair sample was transferred to a 2 mL, round-bottom, and cryogenic microtube and was subsequently crushed with an iron rod.
Then, 300 μg of 0.5 mm zirconium beads (Yasui Kikai Corporation, Osaka, Japan) was added to each sample and the tubes were frozen at −80°C for 1 hour, immediately homogenised into powder using a bead beating machine (Multi-beads shocker ® ; Yasui Kikai
Corporation, Osaka, Japan) at 2100 rpm for 2 minutes. The milled 
| Pan-dermatophyte nested PCR
In our previous study, a set of primer pair as EF-DermF (Table 1 ) and were included in the study. 
| Validation of the specificity and sensitivity of nested-PCR
To determine the analytical performance and specificity of nested-PCR assay, DNA of 22 reference strains representing the most important veterinary dermatophyte species (Table 1) Ta b l e 1 . Dermatophyte standard strains and related Tef-1 α sequences used for evaluation of nested-PCR in the study and estimated size of Tef-1 α for each species DNA extracts from three samples, which were negative in direct microscopy, culture, and nested-PCR. Five microlitres of each dilution was used in a 50-μL PCR reaction. The lowest DNA concentration leading to a positive nested-PCR was considered as the detection limit of the assay.
| Sequencing of ITS and nested-PCR products
To verify the results of PCR-RFLP, all isolates from culturepositive samples were subjected to sequencing of the ITS r-DNA regions as gold standard for the identification of dermatophytes.
Briefly, PCR amplification from each isolate was performed with the universal primer pair, that is V9G 19 and LS26. 
| Statistical analysis
All data from the study, including the type of animal scale, results of diagnosis of dermatophytosis, and identification of dermato- (Figures 1 and 2) . Totally, the highest rates of positivity for dermatophyte detection in increasing order were found by direct microscopy, culture, and nested-PCR (75%, 85.7%, and 90% respectively). This difference was statistically significant (P < 0.05).
| RE SULTS
By statistical analysis with Chi-square test, the probability of direct microscopy, culture, and nested-PCR positivity was also found to be significantly higher in samples from cattle than other animals (P < 0.05) ( 
| D ISCUSS I ON
A rapid and accurate diagnosis of animal dermatophytosis allows for the initiation of prompt antifungal therapy and prevention measures. 6, 7 In this study, nested-PCR was found to be more sensitive and specific than KOH-microscopy and culture for detection and identification of dermatophytes. This is in agreement with Garg et al 6 , who developed a pan-dermatophyte nested-PCR targeting the chitin synthase 1 gene (CHS1) with a higher detection rate (79.6%) than direct microscopy (63.4%) and culture (25%).
The conventional strategies for the diagnosis of dermatophytosis include direct microscopic investigation of KOH-treated samples and culture. Direct microscopy is fast and inexpensive, but it lacks specificity and shows false-negative results in up to 15% of cases.
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Culture is a noteworthy adjunct to direct microscopic examination, which is essential for the identification of dermatophyte agents;
however, the sensitivity of culture for diagnosis of dermatophytosis is low. 22, 23 Especially, in case of animal ringworm, this ratio may be much lower due to the high contamination rates of samples with environmental saprophytes. 12 It is also known that some dermatophytes develop no characteristic feature in primary isolation, further complicating the results of culture for identification. 24 In line with this fact, in five cases of this investigation, the culture isolates demonstrated no typical macroscopic or microscopic morphology for dermatophytes, whereas all cases were identified by nested-PCR.
Moreover, the zoophilic T. verrucosum species is well-known for its poor growth in primary cultures due to the need for specific incubation temperature (37°C) and nutritional factors, and sometimes the observation of sensible growth is accompanied with difficulty even after long incubation. 12 In countries where antifungal therapy is not allowed before the culture verification of dermatophytosis, additional sampling is needed for re-examination due to false-negative culture results, 25 which leads to higher costs of sampling and inconvenience for the sick animal. Overall, species distinction of dermatophytes by culture is difficult and has low specificity. 26 On the other hand, in some instances, the mycologist is encountered with a clinical sample that is negative microscopically but yields a positive result in culture. Therefore, the employed diagnostic technique is important. Taking into account this issue, new rapid and accurate methods, especially PCR-based approaches, have been developed for the diagnosis of dermatophytosis and identification of dermatophytes. 6, 9, 25, 27, 28 Our developed nested-PCR assay was found to be specific and required no preculture step, which reduced the time to obtain the result from 2 to 8 weeks to 1 day. In contrast to the survey by Brillowska-Dabrowska et al 25 and Paugam et al 27 , which found that the efficacy of PCR for the diagnosis of dermatophytosis was similar to custom direct microscopy and culture methods, our nested-PCR enabled both detection and identification of dermatophyte agents with more specificity and sensitivity.
Detection of fungi in infected samples requires a high amount of extracted fungal DNA, which is not always obtained from clinical samples 9 ; however, we developed a high-throughput DNA isolation method by combining a mechanical bead-beating procedure using a commercial kit.
In the study of Luk et al 13 In view of specificity, proficiency testing indicates that species distinction of dermatophytes based on macro and micromorphometrics of isolates in culture is difficult and has a low specificity (56%). 26 This fact was reflected in the current survey where This issue signifies that contrary to the sequence-based methods, morphological criteria are difficult to adapt with taxonomic changes, leading to misidentification of many species. Regarding the fact that most of the skin scales in our study were from cattle and hair from cats/dogs, it can be hypothesised that the ability of PCR-based methods for tracking of dermatophytes in hair samples is lower than epidermal scales. Among 14 samples negative for nested-PCR, 13 samples were from symptomatic animals that had also negative results for direct microscopy and culture (Table 2) .
One explanation for this finding is that the clinical signs in such cases result from infections or factors other than dermatophytosis such as demodicosis, bacterial folliculitis, seborrhoeic dermatitis, ectoparasites, nonpruritic alopecia, and abrasions caused by rubbing on rough surfaces. 5 The advantages of Tef-1α nested-PCR assay are that it has a high detection rate, is much faster, specific, and less labourintensive than culture-based methods. Moreover, its material costs are almost the same as the costs for conventional direct microscopy and culture, but it has the possibility to obtain the result during one working day.
In conclusion, despite some limitations, the evaluation of 
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